Abstract
Introduction
After entering the new century, many countries, especially developing countries such as China, have been facing more and more serious transportation problems. Transit congestion and declining efficiency of the entire transportation system are the combined results of the rapid increase of car ownership, simultaneous running of motor vehicles and nonmotorized transport tools on the same transportation facilities, imbalanced development of a public transport system and private transport mode, and insufficiency of the urban transportation infrastructure investment. These outcomes have resulted in great losses to the national economy. Giving priority to developing a public transport system with different capacities is becoming a fundamental policy for most cities in China today. Enhancing capacities and improving service quality are key to increasing the number of trips on public transit. Overall success is further ensured through reasonable fare structures and policies and practical fare initiatives.
Urban fare policy refers to the institutional arrangement of urban transportation pricing structure and category (Li et al. 2004) . Existing urban fare policies are classified into two categories: elementary and accessorial. These categories are often combined in a city. Elementary fare policy includes single, distance-based, one-month pass, one-week pass, and one-day pass tickets; accessorial fare policy includes time-based, ride-number-based, and peak-hour-based tickets.
Fare level is one of the key factors affecting public transit ridership. Used as a lever to adjust transit trip demand and supply, fare level can play an important role in the operation of an urban transportation system. An effective fare policy and structure will realize a reasonable combination of both public welfare and operational profit (Lu 2004) . In this regard, the fare policy should address both the benefit of a public transport operator, such as an urban rail transit company or a bus company, and the endurance of the rider. Improving pricing methods, establishing a multilevel fare policy system, and implementing integration of pricing of a public transport system represent the trends in fare collection practices. To ensure the success of any new pricing strategy, the ability to evaluate these strategies in an objective and quantitative manner is essential. Unfortunately, few existing theories and practices have attempted to evaluate the implementation effect of an integrated fare initiative from a comprehensive view. In this context, this article proposes a comprehensive evaluation framework to an integrated fare initiative in Beijing. The framework combines multiple criteria fuzzy decisions with the analytic hierarchy process.
Review of Fare Policy Evaluation Methodologies
The evaluation work of a fare policy is a critical step, which should be included in the entire process of developing a fare system and structure. Specific criteria must be developed before pursuing the evaluation of fare system options and fare strategy options. The selection decision for a fare system usually is based on the results from a fare initiative evaluation. Existing methodologies on the fare initiative evaluation are summarized below.
Elasticity Theory
Products provided by the transit industry are considered quasi-public products. Fare changes follow econometric rules since demand and market elements exist. The price elasticity of demand measures the responsiveness of quantity demanded to a change in price, when all other factors are held constant. In general, elasticity that can be applied to the transportation field includes point elasticity, arch elasticity, and shrinkage ratio. Transit price sensitivity is measured using the elasticities defined as the percentage change in transit trips resulting from a 1 percent change in fare, holding constant the effects of all other determining variables (Todd 2004 ). This assessment method represents quantitative assessments of ridership and revenue effects with the fare changes. Curtin (1968) developed a measurement of transit ridership fare elasticity known as the Simpson-Curtin formula. This measurement postulates a fare elasticity of -0.33; that is, a 10 percent increase in fare would result in a 3.3 percent decrease in transit patronage. Since Curtin's original study, other studies on transit fare elasticity have also been carried out.
Major sources and techniques of developing fare elasticities, as summarized by Fleishman et al. (1996) , include the following:
1. Time series analysis of the agency's historical ridership data, which often includes a regression analysis to isolate the effects of fare changes from other factors, such as service changes, employment, or fuel prices;
2. Before and after ("shrinkage") analysis for a particular fare change;
3. Use of a demand function, often on the basis of the results of stated preference surveys (i.e., asking how people would respond to various fare options and changes, or alternatively asking them to "trade off" fare changes with level-of-service changes);
4. Review of industry experience, particularly for agencies of similar size and with similar characteristics; and 5. Use of professional judgment in adjusting figures derived from the above sources.
Multiple Criteria Fuzzy Decision Theory
Selecting a fare system and fare structure is a decision-making process that involves multiple factors. Thus, the evaluation should not only analyze one single index corresponding to a particular factor but also conduct a comprehensive analysis on all indices simultaneously. Fare initiative evaluation is a conflicting analysis process of value judgement from technological, socioeconomic, environmental, and political perspectives. In the design of a fare initiative, it is rather difficult to obtain unique, direct, and concise solutions. Therefore, the fare initiative decision involves multiple factors that should always seek compromised and acceptable alternatives, and which should be evaluated by a suitable method. Multiple criteria comprehensive evaluation provides a flexible approach to dealing with multiplefactor decision-making problems.
Fare initiative decision-making involves multiple influencing factors, most of which are difficult to quantify. In other words, the influencing factors are evaluated by qualitative indices. Although such indices cannot be measured quantitatively, their range and influencing tendency can be readily determined. That is to say, we only have fuzzy judgement on them. Therefore, the multiple criteria fuzzy comprehensive evaluation method can be applied in the fare initiative decision making. Li et al. (2004) applied this kind of evaluation method in their study on fare strategies.
A mathematical model of a fuzzy comprehensive evaluation can be expressed as follows:
When evaluating a subject, suppose that U = {u 1 , u 2 ,…, u m } and V = {v 1 , v 2 ,…, u n } are two finite "reference sets"
where:
U is the set of evaluation factors of fare initiative decisions; and V is the set of evaluations.
Fuzzy comprehensive evaluation of fare initiative decisions can be implemented by a fuzzy transformation:
A is a fuzzy subset on U, which is called weight vector of U; B is the evaluation result and is a fuzzy subset on V; and R is a fuzzy relation on U x V:
r ij is the membership degree to v j from the viewpoint of factor u i ; and R is induced from fuzzy mapping.
Here, (U, V, R) is called the mathematical model of the fuzzy comprehensive evaluation (Ouyang et al. 2002; Ma et al. 1999) .
Analytic Hierarchy Process
The analytic hierarchy process (AHP) is a decision approach designed to aid in the solution of complex multiple criteria problems in a number of application domains. By establishing a comprehensive, logical, and structural framework, AHP improves the understanding of complex decisions by decomposing the problem in a hierarchical structure. This method has been found to be an effective and practical approach in the decision-making process because of its simplicity, promising accuracy, theoretical robustness, ability to handle both tangible and intangible criteria, and capability to measure directly the inconsistency of the respondents' judgments (Atthirawong and MacCarthy 2002; Saaty 1980) . Therefore, AHP is used in the proposed evaluation framework. Generally, the AHP is based on three steps: (1) decomposition of the decision problem and constructing hierarchies, (2) comparative judgment of the decision elements, and (3) synthesis of priorities.
Proposed Evaluation Framework
An integrated fare pricing initiative may achieve a wide range of urban transportation goals, such as alleviating traffic congestion and reducing air or noise pollution. Smart card technologies make the fare pricing integration between different transit operation agencies possible. At present, the "One Card Engineering" project has been launched in many cities in China, such as Beijing, Shanghai, and Guangzhou. Critical questions are arising in terms of how to coordinate intermodal pricing among different transit operators and how to evaluate the integrated fare alternative. However, little effort has been made to address these questions. This article proposes a framework called "multiple criteria fuzzy decision combined with AHP" to evaluate the integrated fare initiative in Beijing.
Proposed Framework
In this article, a two-level structure of the hierarchy on the fare initiative evaluation model is proposed. The design methodology for evaluating the integrated fare initiative combines the multiple criteria fuzzy decision with AHP, which is implemented by executing the following five steps:
Step
Determine Evaluation Factors Set and Index Set
Figure 1 shows the framework of the proposed fare initiative evaluation system. It is a hierarchical framework with three levels. The first level represents the fare initiative evaluation U. The second level is the evaluation criterion level, which classifies the indices according to citizen-, government-, and industry-related characteristics. The third level is the index sets, which include public acceptance, social equity, convenience, change of subsidy, possibility of modal integration, feasibility of implementation, change of revenue, change of ridership, improvement of operation control, and change of cost. The 10 indices are proposed on the basis of analyzing characteristics of both Beijing transportation development and its fare policy goal, and by expanding the evaluation indices of other transit agencies presented by Fleishman et al. (1996) . More specific descriptions of the 10 indices are provided in Table 1 . Compared with the four fare initiative evaluation indices proposed by Li et al. (2004) -transit company revenue, government subsidy, citizen acceptance, and fare integration-the proposed 10 indices reflect more comprehensive decision elements of the fare initiative. At the same time, the principle of concision of index sets is adopted. In Beijing, more attention must be given to the transportation disadvantaged (mostly low-income citizens) and the coordination problems between different transportation modes. As a result, indices of social equity and the possibility of modal integration are proposed.
Convenience is another important factor that concerns citizens in Beijing because there are occasional operational problems in using the smart card. Since the transit fare initiative should eventually raise transit's share in the modal split, the index of change of ridership is included. In terms of fare policy, the goal of the transit industry in Beijing is to improve operational control and operational cost. Moreover, both technological and institutional consideration should be viewed as at new riders or riders who change to another mode as part of the change in ridership, but also takes into account existing riders increasing their use. That is to say, there are complicated relationships among indices of the change in ridership, change of revenue, and change of cost, which need to be analyzed carefully.
Step 2. Determine Evaluation Set
v 2 represents "good"; v 3 represents "general";
represents "need to be improved"; and
represents "need to be improved greatly."
Step 3. Obtain Weight Vector Using Analytic Hierarchy Process ( i.e., AHP Method)
Step 4 Step
Compute Evaluation Results Using And-Product Operator
This step ensures that all factors will be considered completely, which will minimize the information loss. The "max principle" is adopted to obtain the final evaluation results: B = A ° R {e j } = {e 1, e 2, e 3, e 4, e 5 }
e 1 reflects the degree that evaluation results belong to "excellent"; e 2 reflects the degree that evaluation results belong to "good"; e 3 reflects the degree that evaluation results belong to "general"; e 4 reflects the degree that evaluation results belong to "need to be improved"; and e 5 reflects the degree that evaluation results belong to "need to be improved greatly."
Characteristics of the Proposed Evaluation Framework
The proposed fare initiative fuzzy comprehensive evaluation process is summarized in the Figure 2 .
As stated earlier, the AHP is based on three steps: (1) decomposition of the decision problem and constructing hierarchies, (2) comparative judgement of the decision elements, and (3) synthesis of priorities. The AHP is used to handle both tangible and intangible factors and subfactors affecting fare decision making. In the proposed framework, AHP is used effectively to establish a hierarchical structure by decomposing the complex fare decision-making problem into a hierarchy of interrelated decision elements (i.e., fare evaluation indices). At the same time, the relative importance (weights) of all decision elements (i.e., weight vector A) can be explicitly captured and revealed through pair-wise comparison according to the specific scales. The proposed method combines the advantages of both multiple criteria fuzzy comprehensive evaluation and AHP, which treats the fare initiative evaluation as a multiple criteria decision, allowing decision-makers to objectively choose the fare initiative based on a comprehensive set of information.
Relationship between Elasticity Theories versus Proposed Framework
The fare elasticity-based evaluation approach is developed from transportation economics, which analyzes how fare changes impact transit ridership and revenue. This method, however, limits its application to the transit sector. Many exterior factors, such as social equity, affordability, convenience, and political acceptability, are not considered. Therefore, transit pricing decisions based on the elasticity analysis are not complete. Specifically, when the historical data needed for determining the fare elasticity is not all available and the industry standard such as Simpson-Curtin formula is adopted, the applicability and accuracy of the fare elasticity assessment is questionable. In view of the important role of transit in the overall transportation system, there is a need to put transit pricing decisions into a wider context.
As presented earlier, the fare initiative evaluation is an impact analysis process that involves value judgment from technological, socioeconomic, environmental, and political perspectives. The proposed fuzzy comprehensive evaluation combined with AHP is a more robust and flexible model designed to solve transit pricing decision problems involving multiple factors. Under most conditions, a fare elasticity analysis can provide index values for input to the fuzzy comprehensive evaluation combined with AHP. Therefore, traditional fare elasticity analysis and multiple criteria fuzzy comprehensive evaluation combined with AHP are not competitive but complementary.
Case Study for Beijing
Under the current fare initiative in Beijing, it is difficult to integrate different transportation resources fully and effectively. In turn, it is hard to gauge a reasonable relationship between transportation supply and demand, resulting in operation deficiency and incompetency in market competition and in the burden of subsidy on the government. While Beijing officials are pushing fare integration and price reform from technological and institutional aspects, they lack the objective and comprehensive evaluation tools to help them make decisions regarding different fare alternatives. This article provides a fuzzy comprehensive evaluation framework for them to choose suitable alternatives effectively. Evaluation process and some results are presented below.
Integrated Fare Pricing Initiative in Beijing
Devising an integrated transit system in Beijing means developing multimodes (e.g., bus, subway, light rail, etc.) with enhanced transportation capacities and management structures. An integrated fare initiative must be based on the concept of an integrated transit system-that is, to determine a comprehensive and integrated fare structure and payment technology accepted by all participating parties by coordinating all the public transit organizations related to light rail, subway, and bus systems. The ultimate goal is to complete the "One Card" project. The initiative will eventually benefit public transit companies, government institutions, and citizens. From an industry perspective, the objective of a fare initiative is to increase revenues; from the public perspective, the goal is to provide better services to citizens. Government decision-makers strive to balance the interests of both industry and the public by improving services while minimizing the subsidy to the transit industry.
Three different integrated fare alternatives were designed according to the extent of integration and the price level of a one-month pass ticket. The current fare alternative offers the least integration because only several lines of buses and light rail can use smart cards (i.e., "one card") that can be used both on the bus and subway systems. Suppose that this alternative is L. In alternative L, a one-month pass ticket with a price lower than its cost is widely used. Then another two additional integrated alternatives, L1 and L2, are designed. In L1 and L2, the one-card engineering project is fully deployed on all buses, light rail, and subway. In L1, the price of the one-month pass ticket is adjusted 40 percent higher than that of alternative L. In L2, the price of the one-month pass ticket is adjusted 200 percent higher than that of alternative L, and the fare revenue is close to the operation cost.
Results from the Case Study for Beijing
On the basis of the structured hierarchy shown in Figure 1 , an AHP pair-wise comparison form is designed. Using direct interviewing and questioning of decision-makers from Beijing transit agencies, the priority comparison between each two evaluation criterion pair at the second level of the hierarchy is determined. Further, the priority comparison between each two indices at the third level of the hierarchy is determined in a similar way. The pair-wise comparisons are given in terms of how much one evaluation criterion C x is more important than another evaluation criterion C y , or how much one index D x is more important than another index D y , according to a nine-point scale of preference between the two elements shown in Table 2 designed by Saaty (2000) . The obtained pair-wise comparison matrices with respect to an element (i.e., U , C 1 , C 2 , C 3 ) of the immediately higher level, which are the input data to compute weight A, are shown in Tables 3  through 6 . In these tables, the axes represent elements that will be pair-wise compared. For example, 3 in Table 3 means that C 1 is moderately preferred compared with C 2 according to the scale in Table 2 . Next, a fuzzy relation questionnaire is designed to obtain the R. In the questionnaire, the first section is about the fare initiative description. The fare alternatives L, L1, and L2 are described in detail, as shown in Table 7 . Table 8 shows the second section of the survey form. The third part of the questionnaire presents descriptions of indices. This portion was intended to help survey participants better understand the questions and to be able to answer the questions more easily. According to the description of the fare alternatives L, L1, and L2, the 10 indices are rated by the respondent according to five scales: excellent, good, general, need to be improved, and need to be improved greatly.
Two kinds of survey designs were compared in the process of choosing persons to be surveyed. One design process called for issuing questionnaires extensively, which would generate a good size of responses but yield a lower level of accuracy. The other design process called for issuing questionnaires to only those experts who are very familiar with transit fare pricing, which would result in a smaller sample size but one with a higher level of accuracy on the collected information. Considering the survey cost and expertise that the survey required, this survey was designed to focus on the experts only. While 21 surveyed responses may be a small sample statistically, if you consider the availability of experts on transit fare pricing in Beijing, the survey results are very representative. If, in the future, time and finance permit, the authors plan to conduct more extensive surveys. According to each index, its probabilities belonging to each of the five scales were statistically calculated, all of which construct the fuzzy relation matrix R, R1, and R2 as follows:
Finally, the evaluation results on the fare alternative L, L1, and L2 are calculated using "And-product operator." As for L: B = A ° R = {0.0782 0.2531 0.3967 0.2607 0.0113}. According to the "max principle," the evaluation with the largest value of e j is regarded as the result of the evaluation. That is, the fare initiative before integration L is evaluated as "general" because the largest value of e 3 is 0.3967. As for L1: B1 = A ° R1 = {0.2137 0.4999 0.2456 0.0408 0.0000}. According to the same principle, the fare initiative after integration L1 is evaluated as "good" because the largest value of e 2 is 0.4999. As for L2: B2 = A ° R2 = {0.1071 0.3147 0.3312 0.1863 0.0607}. According to the same principle, the fare initiative after integration L1 is evaluated as "general" because the largest value of e 3 is 0.3312.
Conclusions
In the process of integrating transportation resources, making a reasonable transit pricing decision is a challenge. An unreasonable transit pricing alternative leads to more trips using private cars, a large deficit, and a lack of competitiveness for transit corporations, resulting in heavy financial pressures on the government. Fare evaluation still remains one of the most controversial issues facing fare-regulating agencies. In this article, an approach using multiple criteria fuzzy comprehensive evaluation combined with AHP was proposed to deal with a fare evaluation. Three different integrated fare initiatives with different extents of integration and different price levels of a one-month pass ticket were analyzed. The result shows that the fare alternative L1 is better than other fare alternatives, which means that the price level of a one-month pass ticket should be increased, while it recommended that its price cannot be increased to the level that is close to the operation cost. This case study also shows that the proposed framework is a practical and efficient way for the fare evaluation.
